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Abstract—Mechanical ventilation (MV) is a primary support for respiratory failure patients. However, patient condition and response to treatment are heterogeneous and variable over time. Thus, general, one size fits all treatment approaches may not be suitable, and a more individualized approach could improve care and outcomes. Model-based therapy offers the opportunity to individualise MV to patient-specific needs at any given interval. It uses real-time identified patient-specific respiratory system model parameters to personalise and optimize care. This talk focuses on the journey from conceptual model-based MV ideas, through clinical proof of concept, and finally to a large randomized controlled trial. 
I.	Introduction
Patients who experience acute respiratory failure required immediate mechanical ventilation (MV) therapy for life support. MV is an artificial breathing support that provides the patients with sufficient air supply through elevated airway pressure. The concept is simple, to maintain lung recruitment and adequate oxygenation so the patient can recover from the underlying condition. MV is thus straight-forward, in concept but implementation is a complicated process. Optimal MV has been an on-going pursuit of since the 1950s. Research spans finding optimal tidal volume, recruitment manoeuvre, positive end expiratory pressure (PEEP), driving pressure, and breathing synchronisation. More recently, there has been increasing research focused on personalised MV enabled by model-based methods. 
This work presents the development of a model-based clinical trial to improve MV delivery. The Clinical Utilisation of Respiratory Elasance trial (CURE Trial), is a clinical trial, to investigate the effect of model-based MV on patient quality of care and outcomes. The work presented can be generalized to other clinical/ engineering problems which present with a range of decision making under one or more uncertainties.
II.	Methods
The CURE trial is a randomized control trial, investigating the effects of a model-based method positive end-expiratory pressure (PEEP) selection compared to a standard clinical practice. The model-based method uses software (CURE Soft [1]) for real-time estimation of patient-specific respiratory system elastance for setting MV PEEP. The optimal PEEP was noted to occur at minimum patient-specific respiratory elastance during a staircase recruitment manoeuvre  ADDIN EN.CITE [2, 3]. All mathematical calculations, and decision making to select PEEP, were performed using CURE Soft. Figure 1 shows a schematic of how clinicians set PEEP using CURE Soft.

Figure 1. 	Clinicians set MV PEEP using real-time patient ventilation data.
III.	Results
To date, CURE trial has recruited 9 patients into the study. Currently, the patients’ data were used for the study and review of clinical trial protocol.
IV.	Discussion & Conclusion
CURE trial is the first trial investigating into the effects of model-based method  ADDIN EN.CITE [4, 5]. It is able to provide unique data and trends of MV that were not captured before. Results and patient data derived from the trial potentially revolutionise practice in MV, opening new options in care and practices.
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